Studies of alcoholic patients have consistently reported increased risks of cancers of the oral cavity and pharynx, oesophagus, liver, larynx, lung and uterine cervix (Sundby, 1967; Pell and D'Alonzo, 1973; Hakulinen et al, 1974; Monson and Lyon, 1975; Robinette et al, 1979; Schmidt and Popham, 1981; Prior, 1988; Adami et al, 1992; Tønnesen et al, 1994; Sigvardsson et al, 1996) . Given the correlation between alcohol intake and smoking, it is likely that smoking contributes importantly to the excesses in risk, notably for lung cancer (Blot and Fraumeni, 1996) . Relatively small sample sizes have limited the interpretation of previous studies of cancer among alcoholics. For example, in only one study (Tønnesen et al, 1994) were more than 100 cases of head and neck cancer observed. As a consequence, there is limited information on cancer risk by site within head and neck organs and by histological type. Such information would help to better characterize the carcinogenic effect of alcohol, as well as to guide the clinical management of alcoholic patients.
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We report the results of the follow-up of a large series of patients hospitalized for alcoholism in Sweden during . Our specific goals were to assess the risk of subsite-and histopathology-specific cancers of the head and neck and lung among this population, and to identify whether this risk is modified by demographic characteristics such as gender and age.
METHODS
The study is based on a linkage between the Swedish In-patient Register and the National Cancer Register. We have previously reported details on the In-patient Register (Lagiou et al, 2001) .
We considered all records in the In-patient Register with a hospital discharge diagnosis of alcoholism (International Classification of Diseases [ICD]-7 codes 307 and 322 (WHO, 1955) ; ICD-8 codes 291 and 303 (WHO, 1965) ; and ICD-9 codes 291, 303 and 305A (WHO, 1975) ) among patients aged 20 or over and hospitalized during . We identified 196 803 unique national registration numbers that met our inclusion criteria. When linking records to the Registries of Population, Death and Emigration, we identified 7790 records with incorrect national registration numbers, 2192 records of patients who died during hospitalization, and 294 records of patients who emigrated before hospitalization; these were all excluded from the study. We finally linked the cohort to the National Cancer Register, which was founded in 1958 and is estimated to be 98% complete (Mattson, 1975) , with the aim of identifying cases of cancer that occurred among the patients in the cohort either before (prevalent cases) or after (incidence cases) the first hospital discharge with diagnosis of alcoholism. Cancers were classified according to the ICD-7 (WHO, 1955) . We excluded 3405 patients with a prevalent cancer diagnosed before the first hospitalization for alcoholism. A further 455 patients were excluded at various steps of the linkage procedures because of inconsistencies of gender, date of birth or death, etc. We excluded the first year of observation following the first hospitalization in order to reduce selection bias, which could occur if alcoholic patients with a yet undetected subclinical cancer are more likely to be hospitalized than other alcoholic patients. This resulted in the exclusion of 9002 patients who developed a cancer, died or emigrated within 1 year of the first hospital discharge, or were followed up for less than one year. The final cohort of patients with complete data, who were alive and free from cancer 1 year after first hospitalization, comprised 173 665 individuals, of whom 138 195 men and 35 470 women.
The study cohort was thus followed up from the first day of the second year following discharge after the index hospitalization for alcoholism until either occurrence of cancer, death, emigration, or end of follow-up (31 December 1995), whichever occurred first. Incident cancers diagnosed in cohort members excluded latent cancers incidentally detected at autopsy.
We used the standardized incidence ratio (SIR), defined as the ratio of the observed to the expected cases of cancer, as the measure of association. We calculated the expected number of cases by multiplying gender-, 5-year age group-and calendar yearspecific cancer incidence rates in Sweden by the observed number of person-years within each stratum of the cohort. We calculated the 95% confidence interval (Cl) for the SIR by the exact method on the assumption of a Poisson distribution of observed cases (Breslow and Day, 1987) .
No information was available on severity or duration of alcoholism, or on treatment given. We estimated the SIR of cancer among patients with concurrent alcoholic cirrhosis, alcoholic psychosis or chronic pancreatitis, who might have experienced particularly high intake of alcohol. Additional analyses were based on stratification of patients according to age and year of hospitalization, and time since index hospitalization.
In addition, we calculated the cumulative probability to develop a cancer of interest following the first hospitalization using the Cox regression model, adjusting for age (continuous) and gender. The survival function was estimated by the product-limit method (Kalbfleisch and Prentice, 1980) . All analyses were performed using the SAS statistical package, version 6.12 (Sas Institute, 1990) . Table 1 provides descriptive information on the study cohort. The patients in the cohort provided 1 675 446 person-years of observation, for an average of 10.6 years of follow-up. About one fifth of the patients had their first hospitalization before 1975. Slightly more than half had only one or two hospitalizations for alcoholism, while about one fourth were admitted 6 or more times. The proportion of alcoholic patients who also had a discharge diagnosis of alcoholic cirrhosis was 3% in men and 4% in women.
RESULTS
We observed a total of 1207 cases of oral and pharyngeal cancer, 521 cases of oesophageal cancer, 347 cases of laryngeal cancer and 1880 cases of lung cancer; the numbers of expected cases were 226.3, 94.1, 82.4 and 783.9, respectively. The increase in incidence in the alcoholic cohort was present in both genders and for all 3-digit categories of the ICD-7, with the exclusion of the lip (Table  2) . Consistently in men and women, the excess risk was greatest for cancers of the hypopharynx, floor of the mouth, mesopharynx and tongue. In the case of nasopharynx and salivary glands, we found only a modest increase in the number of observed cases over expectation, although the excess in the latter group of neoplasms was statistically significant in men.
Given the large number of oral cancer cases in the cohort, we were able to identify that the excess in lingual cancer was almost completely accounted for by an increase in the incidence of cancers of the base of the organ, while tumours from the mobile (oral) part were not in excess. The excess of cancers of the tonsil, which represent the majority of mesopharyngeal cancers, was similar to other parts of the mesopharynx. The results refer to follow-up during 1965-1992 only. The results on small cell carcinoma refer to follow-up during 1987-1994 only. They are also included in the category 'other and unspecified types of lung cancer'. 
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As expected, the overwhelming majority of cancers from the oral cavity (except salivary glands), the mesopharynx, the hypopharynx and the larynx were classified as squamous cell carcinomas. Notwithstanding, the number of tumours of other histological types was also greater than expected. For example, we observed 5 cases of adenocarcinoma of the tongue vs. 0.3 expected, and one case each of lymphoma of the mesopharynx and of adenocarcinoma of the larynx vs. 0.2 expected for each of them. There was a 2-fold increased risk of squamous cell carcinoma and adenocarcinoma of the lung in the alcoholic cohort (Table 3) , while there was little evidence of an important excess of small cell carcinoma, which was first coded as a separate entity in 1987. In the case of oesophageal cancer, an excess risk was noted for squamous cell carcinoma but not for adenocarcinoma (Table 3) .
The incidence of oral, pharyngeal, oesophageal or laryngeal cancers did not vary importantly with time since first hospitalization, while for lung cancer the SIR increased with duration of follow-up (P value for trend < 0.01) (detailed data not shown). When patients were stratified according to age at first hospitalization, the excess risk was greater for those who were hospitalized for alcoholism at a young age (Figure 1 ).
There was a 12-fold excess risk of oral and pharyngeal cancer among alcoholic patients who also had a diagnosis of alcoholic cirrhosis or chronic pancreatitis (Table 4 ). The greatest increase in risk was observed for cancers of the hypopharynx, mesopharynx and floor of the mouth. There was only a limited overlap between discharge diagnoses of chronic pancreatitis and alcoholic cirrhosis (4% of those patients with either condition).
After 25 years of follow-up, the cumulative risk of oral/pharyngeal cancer is in the order of 3.5% for men aged 50-59 at index hospitalization, and 6% for men aged 60-69. Among women, corresponding risks are in the order of 2% and 4%. The risk of lung cancer is much higher: 7% at 25 years for men aged 50-59 and 13% for those aged 60-69 (in women, corresponding risks are 5% and 10%).
DISCUSSION
Our study builds upon and expands 2 previous reports on cancer risk among Swedish alcoholics. The first one included 9000 patients hospitalized in Uppsala county during 1965 -1983 (Adami et al, 1992 , and the second one followed 15 000 women registered in the Temperance Boards between 1917 and 1977 (Sigvardsson et al, 1996) . While all subjects included in the Uppsala study were also included -with a longer follow-up -in the present analysis, the overlap with the Temperance Boards study population is unknown. Medical complications of alcoholism favoured inclusion into our cohort, while social and legal complications, sometimes occurring without well-established heavy and chronic alcohol abuse, were the main reason for inclusion in the Temperance Boards cohort.
We found an increased risk of oral, pharyngeal, oesophageal, laryngeal and lung cancer among alcoholics. In general, the increase in risk was greater for digestive than for respiratory organs, in line with those of previous cohort studies of alcoholic patients (Sundby, 1967; Pell and D'Alonzo, 1973; Hakulinen et al, 1974; Monson and Lyon, 1975; Robinette et al, 1979; Schmidt and Popham, 1981; Prior, 1988; Adami et al, 1992; Tønnesen et al, 1994; Sigvardsson et al, 1996) . For example, the relative risks (often approximated by SIRs) of oesophageal cancer ranged between 1.9 and 3.2 in studies from the United States and Canada (Monson and Lyon, 1975; Robinette et al, 1979; Schmidt and Popham, 1981) , and between 3.8 and 5.5 in studies, including the present one, from the Nordic countries and the United Kingdom (Sundby, 1967; Hakulinen et al, 1974; Prior, 1988; Adami et al, 1992; Tønnesen et al, 1994; Sigvardsson et al, 1996) . International differences in the definition of alcoholism and in the entry criteria of the cohort studies might contribute to explain variations in excess risk. Moreover, the general Swedish population, the reference group in our study, had a recorded consumption of 6.3 l of alcohol per person above age 15 in 1991, and an estimated unrecorded consumption (from home-made spirits, imported beverages not declared to customs, etc.) of a further 1.8 l (WHO, 1999) , and included 10% of men and 2% of women who were heavy consumers (Kühlorn, 1991) . Consumption of tobacco among alcoholics may vary among different study populations.
Advantages of the study include the prospective design and the large size of the cohort which, in combination with a long followup, resulted in a uniquely large number of observed cancers. The completeness of the registries ensured essentially complete follow-up, with very little risk of bias due to losses. The histopathological verfication for a high percentage of cancer cases (more than 90% throughout the study) is another strength of our study.
The main innovation of this study was to evaluate the excess risk among alcoholics at specific sites. Most notable increases were observed for cancers of the hypopharynx, the mesopharynx (without appreciable differences between the tonsil and the anterior pillar), the floor of the mouth and the base of the tongue. The increase in risk was intermediate for cancer of other parts of the mouth, which include a miscellaneous group of neoplasms from the alveolus, the internal cheek, the upper gum, and the hard and soft palate, as well as for cancers of the larynx and the oesophagus. The increase in risk was either absent or relatively small -and often non-significant -for cancers of the lip, the oral part of the tongue, the salivary glands, and the nasopharynx. As a whole, these results are consistent with the hypothesis of a carcinogenic effect of alcohol involving direct contact with oral and pharyngeal mucosa, which is also supported by epidemiological studies of moderate alcohol consumption (Tuyns et al, 1988; Boffetta et al, 1992; Franceschi et al, 1992; Kjaerheim et al, 1998) . Candidate mechanisms for such a direct effect are DNA binding of acetaldehyde, one of the main metabolites of ethanol and free radicals, as well as reduced DNA repair activity and glutathione trapping by acetaldehyde (Seitz et al, 1998) .
Of particular interest are the small but significant increases in the SIRs for cancers of the salivary glands and the nasopharynx ). An association between increased alcohol intake and cancer of the salivary glands has been reported in some studies conducted in the general population (Spitz et al, 1990; Muscat and Wynder, 1998) . Results on a possible association between alcohol intake and nasopharyngeal cancer are mainly from studies conducted in high-risk areas such as Taiwan and are mostly negative (Chen et al, 1988; Yu and Henderson, 1996) . 2 case-control studies from the United States, however, suggested a possible association (Nam et al, 1992; Vaughan et al, 1996) .
Despite these advantages, our study suffers from certain limitations. Alcoholism is also associated with additional risk behaviours and hazardous exposures, the average diet of alcoholics being lower in fruits and vegetables than the general population. Most importantly, alcoholics, on average, smoke more than the rest of the population. Our inability to disentangle the effects of smoking from those of alcoholic ingestion is an important limitation of the study. The small increase in risk detected for lung cancer can probably be attributed completely to smoking. A study of alcoholics in Canada found lung cancer risk was 1.7 fold greater than that of the general population, but no excess was found when compared with a population with similar smoking habits (Schmidt and Popham, 1981) . However, the ratio of the relative risk of oral and pharyngeal cancer to that of lung cancer (which can be interpreted as 'worst case' adjustment for tobacco smoking, assuming no effect of alcohol on lung cancer and similar relative risk of lung and oral cancers for tobacco smoking) is fairly constant across studies of alcoholics from different parts of the world (range 1.6-3.0; 2.2 in the present study). Moreover, it is not clear that smoking can explain the differences in SIRs within the oral cavity such as the higher risk for the base of the tongue than the oral part.
An additional limitation is the lack of information on the level of alcohol consumption. A plateau in the carcinogenic effect of alcohol at high doses is supported by dose-response analyses conducted in populations with a broad range of exposures (see WCRF/AICR, 1997, for a review). Although we had no information on the time of onset of alcoholism, it seems reasonable to assume that a hospitalization at young age represents early onset of the disease. It also appears biologically plausible that early onset of the disease is associated with a higher cancer risk.
In conclusion, our study clearly demonstrates that alcoholics who require in-hospital care are at substantial risk of head and neck and respiratory cancers. Both alcohol drinking and tobacco smoking are likely to contribute to this excess risk; however, the possible confounding effect of tobacco smoking cannot explain the substantial differences between sites and types of cancer. It turns out that the excesses are greatest for cancers originating from mucous membranes that are in direct contact with alcohol. The possibility of head and neck or respiratory cancer should be kept in mind when caring for these patients.
